Introduction {#S0001}
============

The neonatal period is defined as the first 28 days from birth and may be classified into the very early (birth to \<24 hr), early (birth to \<7 days), and late neonatal periods 7 days to \<28 days.[@CIT0001] Neonatal period is the most vulnerable time of human life for diseases and most of these are preventable.[@CIT0002] Globally yearly, 2.6 million infants die before reaching 1 month old. One million of them will die on their first day. Another 2.6 million are born dead. Mortality of children 1 month to 5 years old have reduced significantly in the last decades. But in neonates, it was not significant with 7000 newborns dying daily. The reason is partially due to neonatal diseases are difficult to treat with one drug or intervention; neonates need a systematic approach. Greater than 80% of neonatal mortality are because of prematurity, perinatal asphyxia and infections such as sepsis, meningitis and pneumonia.[@CIT0003] Neonatal disease pattern and outcomes are important indicators for sufficient health care planning and the outcomes are the changes in health status on which nursing and medical care have direct influence.[@CIT0004] A neonate is 500 times highly likely to die on his first 24 hrs than at rest of the month where 50% of all deaths occur while 75% are within the first 7 days of life.[@CIT0005],[@CIT0006] Neonates born to the poorest families are greater than 1.4 times highly likely to die during their first 28 days than those born to the richest.[@CIT0007] Neonatal morbidity and mortality rates show a country\'s socioeconomic status, as well as the efficiency and effectiveness of their healthcare deliveries. These important indicators are useful in planning to improve healthcare services.[@CIT0008] Out of 10 countries with the highest newborn mortality rates, 8 are in sub-Saharan Africa and two in south Asia. Ethiopia ranks fifth from these 10 countries with highest in newborn death in 2016 (90/1000).[@CIT0003] Despite this huge neonatal mortality rate, there are very few studies on the prevalence and neonatal mortality in Tigray region and to our knowledge no similar study done in the study hospital. So this study was aimed to assess prevalence and factors associated with neonatal mortality in Ayder Comprehensive specialized hospital so as to provide a baseline data for further better studies that could be done in the near future especially in ACSH and likely to the country, to design appropriate management protocol and recommendations.

Patients and Methods {#S0002}
====================

Study Setting {#S0002-S2001}
-------------

This study was conducted at Ayder Comprehensive Specialized hospital, located in Tigray region Mekelle town, which is 778km from the capital city, Addis-Ababa. It started as a referral and specialized medical center in 2008 GC. It delivers clinical service to more than 8 million populations in the catchment areas of Tigray, Afar and South-eastern parts of the Amara regional state. It provides a broad range of medical services to both in and outpatient for all age groups. It also serves as a teaching hospital for medical and other health science disciplines in both undergraduate and postgraduate programs. Pediatrics and child health department provides services at outpatient clinics, at the emergency department, under-five and above-five wards, pediatric intensive care units and NICU. Our NICU (neonatal intensive care unit) ward provides service for approximately 200 neonates per month with a total of 43 beds and one room for KMC (Kangaroo mother care). There are 65 BSC nurses, 1 Neonatologist and 1 General pediatrician, 4 residents and 8 interns. It is equipped with 4 radiant warmers, 6 incubators, 5 phototherapy two mechanical ventilation and x-ray machines.

### Study Design {#S0002-S2001-S3001}

A facility-based cross-sectional study was conducted.

### Study Population {#S0002-S2001-S3002}

All neonates admitted to NICU from June 1, 2018 to May 30, 2019 were included.

### Sample Size {#S0002-S2001-S3003}

All neonates admitted to NICU from June 1. 2018 to May 30, 2019 were included.

#### Inclusion criteria {#S0002-S2001-S3003-S4001}

All neonates admitted to Ayder Comprehensive Specialized Hospital during the study period.

#### Exclusion {#S0002-S2001-S3003-S4002}

Neonates kept for observation and neonates with incomplete charts were excluded from the study.

### Data Collection Procedures {#S0002-S2001-S3004}

Semi-structured data collection format was used to collect the data. Data were collected by trained medical interns who were practicing in NICU (after receiving ethical clearance from Institutional Review Board of Mekelle University, College of Health sciences). Before the actual data collection; training was given to data collectors on the data collection techniques. Socio-demographic character of the neonate and mothers, gestational age, birth weight, mode and place of delivery, diagnosis and outcome (discharge improved, left against medical advice, deaths) and laboratory data were included retrospectively from patient charts. The diagnosis of specific disease was made by an experienced physician (residents, pediatricians and a neonatologist).

Statistical Analysis {#S0002-S2002}
--------------------

Data were checked, cleaned and entered into SPSS version 23 (IBM Corp., Armonk, NY: USA). Descriptive analysis was performed using frequency distribution and tables. Multicollinearity between independent variables was checked. This was investigated by using the variance inflation factor in SPSS to produce co-linearity statistics. To compute a variance inflation factor for an independent variable to test for multicollinearity, a multiple regression was performed with that variable as the new dependent and all of the other independent variables in the model as independent variables. In SPSS, colinearity statistics were produced to help determine the variance inflation factor greater than three meant that variables were considered as a linear combination of other independent variables. But, the results of a variance inflation factor test did not reveal issues with multicollinearity.

Crude odds ratio and adjusted odds ratio (AOR) were computed at 95% CI (confidence interval). Bivariate and multiple logistic regression analysis was done to identify the association between dependent and independent factors. Stepwise regression where variables with P-value\<0.25 during bivariate analysis were included in the multiple logistic regression model. Finally, variables with P-value\<0.05 were expressed as associated factors of neonatal mortality.

Ethical Considerations {#S0002-S2003}
----------------------

Ethical clearance was obtained from the Institutional Review Board (Health Research Ethics Review Committee) of the College of Health Sciences of Mekelle University. Permission was taken from Ayder comprehensive specialized hospital medical director offices; a support letter from the chief clinical director was obtained. This study was conducted " in accordance with the Declaration of Helsinki." Data were taken from patient records. Therefore, conﬁdentiality of data was kept and the data were not used for other purposes other than the purpose of the current study. Patient consent was not needed for this chart review study, as the college reserves the right to own the medical charts of patients.

Operational Definition {#S0002-S2004}
----------------------

In the present study gestational age was calculated from the last menstrual period (LNMP), but if the mother did not know her LNMP, the new Ballard score was used to estimate the gestational age. New Ballard score was used to estimate the gestational age for those who are less than 72 hrs of age. Prematurity was defined as neonates born before 37 completed weeks[@CIT0009] In our hospital diagnosis of neonatal disease is usually made clinically with a detailed history and physical examination and supported by important laboratory investigations (investigations like complete blood count (CBC), CXR, blood culture, and if needed imaging like MRI). But sometimes the diagnosis of neonatal sepsis was made with the following criteria. Clinical signs of Possible Serious Bacterial Infection, according to the Young Infants Clinical Signs Clinical Study criteria of WHO's Integrated Management of Childhood Illness (IMCI) guidelines, are defined as the presence of any one of the following, history of difficulty feeding, history of convulsions, movement only when stimulated, respiratory rate of 60 or more breaths per min, severe chest retractions, or a temperature of 37.5°C or higher or 35.5°C or lower.[@CIT0010] Neonates who presented to the NICU with a diagnosis of sepsis within 72 hrs of birth were labeled as EONS, while those who came in after 72 hrs of birth are labeled as having late onset of neonatal sepsis (LONS). The diagnosis of respiratory distress syndrome (RDS) was made when a neonate is premature and had clinical criteria of rapid breathing, cyanosis, grunting, and chest indrawing, decreased air entry bilateral on the lung fields and low saturation of oxygen with pulse oximetry, chest X-ray examination with characteristic findings for RDS and onset of symptoms shortly after birth.[@CIT0011] Meconium aspiration syndrome is defined as respiratory distress (manifesting as tachypnea, cyanosis, and air trapping together with reduced pulmonary compliance) in a neonate born from MSAF whose symptoms cannot be explained due to other causes. The chest typically appears barrel-shaped, with an increased anterior-posterior diameter because of over inflation. On auscultation, there will be rales and rhonchi. These signs usually occur immediately after birth.[@CIT0012]

Perinatal asphyxia was considered when the 5th APGAR score is \<7 or a neonate who did not cry or needed resuscitation. For this study the definition of perinatal asphyxia defined by the national protocol with 5 minute Apgar score less than 7. For those neonates with no documentation on APGAR score, if the neonate did not cry immediately after birth; and if the neonate developed seizure unexplained due to other causes, had respiratory distress, floppiness, decreased level of mentation, presence of seizure, and depressed or absent neonatal reflexes. WHO definitions were used for prematurity, low birth weight (LBW), very low birth weight (VLBW), extreme low birth weight (ELBW) and congenital malformations (body deformity or deformities from the birth believed to have an impact on the health of the baby).[@CIT0013] Anthropometric interpretations were done using Lubchenco curve.[@CIT0014]

### Neonatal Mortality Rate {#S0002-S2004-S3001}

Refers to the number of deaths in less than 28 days of age per 1000 live births.

Results {#S0003}
=======

During the study period, a total of 1829 neonates were admitted to the study hospital. Of those 44 patients were excluded from the study because they had incomplete charts. Therefore, neonates were included in the study. Out of 1785 of neonates, 1069 (60%) were males. The male to female ratio was 1.5:1. Eight neonates (0.4%) had a disorder of sex development. Of all neonates admitted 918 (51.40%) were born at Ayder Comprehensive Specialized Hospital. Majority 1587 (89%) of the neonates were singleton, 177 (10%) were twins and 14 (0.80%) were triplets. Among neonates with documented gestational age, 1294/1771 (73%) were term and 431 (24.30%) were preterms. Birth weight was documented for 1727 (97%) neonates, of which 1066 (61.70%) had normal birth weight. Concerning weight for gestational age, 1397/1631 (86.1%) neonates were appropriate for their gestational age (AGA) ([Table 1](#T0001){ref-type="table"}).Table 1Socio-Demographic and Clinical Characteristics of Neonates Admitted to ACSH from June 1, 2018 to May 30, 2019 (N=1785)VariablesTotalPercentageResidency Urban106359.60 Rural72240.40Gestational Age \<28 Weeks211.20 28--33 Weeks1639.20 34--36 Weeks24713.90 37--42 Weeks129473.00 \>42 Weeks462.60Place of Delivery Home754.20 Health center48126.90 Primary hospital663.70 General hospital24513.70 Tertiary hospital91851.40Birth Weight \<2500 gram59934.70 2500--3999 gram106661.7 \>4000 gram623.50Anthropometry AGA139785.60 SGA (term)17610.80 LGA583.60 Not applicable1548.60[^1]

Maternal median age was 27 years with (IQR 23--30). Of the 1785 mothers, 1603 (89.80%) were in the age range 18 to 35 years followed by 171 (9.60%) \>35 years and 11 (0.60%) mothers were \<18 years. The majority of the mothers, 990 (55.50%) were multiparous while 795 (44.50%) of them were primipara. Of the 1785 mothers, 26 (1.50%) had no ANC follow-up and of the mothers whose serologic status is documented 1704, 42/1704 (2.46%) were positive for human immunodeficiency virus (HIV), 45 (2.60%) had positive hepatitis B surface antibody (HBs AG). In most of the mothers, the mode of delivery was spontaneous vaginal delivery (SVD) 1166 (66.90%) and 510 (28.60%) of them were cesarean sections.

Clinical Characteristics of the Study Neonates {#S0003-S2001}
----------------------------------------------

Of all admitted neonates 70% of the neonates were admitted in the first 24 hrs of age and 7.40% were admitted after 7 days of age. Neonatal sepsis was noted in 615 (34.40%) newborns among which 488 (79.30%) were admitted with early onset of sepsis and 127 (20.70%) with late-onset sepsis. Of the 615 septic neonates, one third (29.89%) of them were preterms. Prematurity was accounting for 431 (24.10%) of all admissions. Of these 127 (29.50%) and 183 (42.50%) were admitted with RDS and sepsis, respectively. A total of 196 (11%) neonates were admitted with perinatal asphyxia. Hyperbilirubinemia was accounting for 268 (15%) of the admissions. A total of 197 (11%) neonates were admitted with congenital anomalies, out of these 93 (47%) of them were meningocele/myelomeningocele cases, other congenital anomalies congenital heart disease 21 (1.2%), club foot 15 (0.8%), trisomies 25 (1.40%) ([Table 2](#T0002){ref-type="table"}). Hypothermia was the commonest comorbidities seen in 844 (47.30%) of all admitted neonates, where 64 (3.60%) of had mild hypothermia, 756 (42.40%) had moderate hypothermia, and 27 (3.20%) had severe hypothermia and 59 (3.30%) were febrile. Of the hypothermic neonates, 531 (63%) were inborn (ACSH). Table 2Causes of Neonatal Admissions to ACSH from June 1, 2018 to May 30, 2019 (N=1785)VariablesTotalPercentageNeonatal sepsis43224.20Prematurity43124.10 With sepsis18342.50 With RDS12729.50 With asphyxia225.10 With Jaundice6314.61 With Birth injury102.32 With congenital anomaly71.62 With others194.40Neonatal jaundice20511.48Congenital anomaly19010.64PNA1749.74RDS in term baby40.22Birth injury1116.21Anemia573.20Seizure271.50MAS533.00TORCH infection70.40Others945.30[^2]

Age of Neonatal Death {#S0003-S2002}
---------------------

This study showed that 98.3% of neonatal death occurred during the first 7 days of age.

Factors Associated with Neonatal Mortality {#S0003-S2003}
------------------------------------------

Variables like residency, parity, prematurity, low birth weight, sepsis, perinatal asphyxia, jaundice, RDS, congenital anomaly, and birth injury, hypothermia and duration of hospital stay had significant associations in the bivariate logistic regression. But on multiple logistic regression analysis, maternal parity, prematurity, low birth weight, perinatal asphyxia, RDS, sepsis, congenital anomaly were significantly associated with mortality of neonates ([Table 3](#T0003){ref-type="table"}). In multiple logistic regression analysis neonatal mortality was significantly associated with respiratory distress syndrome (AOR: 12.56; 95% CI: 6.40--24.66), perinatal asphyxia (AOR: 19.64; 95% CI: 12.35--31.24), congenital anomaly (AOR: 2.42; 95% CI: (1.48--4.01), early neonatal sepsis (AOR: 3.68; 95% CI: 2.32--5.81), late onset sepsis (AOR: 8.9; 95% CI: 4.14--19.21). Neonates born at a gestational age of 34--36+6 weeks were 91% at less odds of dying when compared to those who are less than 28 weeks of gestation. Neonates born at a gestational age of 37--41+6 weeks were 98% at less odds of dying when compared to that of less than 28 weeks of gestation. Neonates born at a gestational age of greater than 42 weeks were 96% at less odds of dying when compared to those who are less than 28 weeks of gestation. Neonates with birth weight less than 1500 g were at 49%, 70%, 80% increased odds of mortality compared to those 1500--2449 g, 2500--3999 g and more than 4000 g respectively. In the present study, neonates born to para 2--4 were 42% at less odds of dying when compared to neonates born from primipara mothers. Neonates born at hospitals were 70% at less odds of dying than those born at home. Neonates whose duration of hospital stay was greater than 7 days were 91% at less odds of dying than those neonates who stayed less than 7 days. Table 3Multiple Logistic Regression of Neonatal Mortality at ACSH from June 1, 2018 to May 30, 2019 (N=1785)VariablesImprovedDiedCORAORP valueAddressUrban918146Ref.Ref.Rural5691521.74(1.4--2.2)1.3(0.9--1.7)0.18ParityPara 1666129Ref.Ref.Para 2--46561070.58(0.40.82)0.64(0.44--0.93)0.02\>Four170570.49(0.34--0.70)1.10(0.67--1.81)0.68Place of DeliveryHome5619Ref.Ref.Health center3781030.80(0.45--1.41)0.50(0.24--1.04)0.06Hospital10581710.48(0.28--0.83)0.3(0.15--0.61)0.001Birth Weight\<15008080Ref.Ref.1500--2499362780.21(0.15--0.32)0.50(0.29--0.56)0.0112500--39999471220.13(0.09--0.18)0.23(0.12--0.41)P\<0.001\>40006200.03(0.01--0.14)0.20(0.05--0.93)0.04Gestational Age\< 28wks318Ref.Ref.28--33+6 wks82810.17(0.05--0.58)0.28(0.05--1.67)0.16434--36+6 wks207400.03(0.01--0.11)0.09(0.014--0.59)0.01237--41+6 wks11521420.02(0.01--0.07)0.025(0.003--0.218)0.001\>42 wks3880.05(0.01--0.18)0.039(0.004--0.42500.008PNANo1376213Ref.Ref.Yes111855.02(3.66--6.91)19.64(12.35--31.24)P\<0.001RDSNo1451203Ref.Ref.Yes419015.5(10.43--23.08)12.56(6.40--24.66)P\<0.001JaundiceNo1240277Ref.Ref.Yes247212.59(1.63--4.12)1.79(0.98--3.28)0.056Congenital AnomalyNo1314274RefRef.Yes173241.43(0.99--2.06)2.42(1.48--4.01)P\<0.001Birth InjuryNo1376288Ref.Ref.Yes111100.44(0.22--0.84)0.61(0.27--1.36)0.23SepsisNo994176Ref.Ref.EONS39692(1.33(1.01--1.76)3.68(2.32--5.81)P\<0.001LONS97301.78(1.14--2.76)8.93(4.14--19.21)P\<0.001Hospital Stay\<7 days1043293Ref.Ref.\>7 days44450.34(0.23--0.48)0.09(0.05--0.14)P\<0.001Body TemperatureNormal751131Ref.Ref.Mild hypo5590.94(0.45--1.9400.48(0.18--1.28)0.146Moderate hypo6071461.34(1.03--1.74)0.77(0.52--1.14)0.194Severe hypo2161.63(0.65--4.13)1.00(0.22--4.40)0.99Fever5360.65(0.27--1.54)0.89(0.30--2.65)0.84[^3]

Discussion {#S0004}
==========

The aim of the current study was to identify prevalence and factors associated with neonatal mortality at Ayder Comprehensive Specialized Hospital, Northern Ethiopia. In this study neonatal mortality was significantly high.

In the current study, the term small for gestational age was accounted for 176 (10.8%) of the neonates. This is higher than the study done in the University of Gonder where 5.3%[@CIT0015] of neonates were admitted with small for gestational age. The reason could be due to the high prevalence of maternal malnutrition in Tigray because the prevalence of stunting in under-five children in Tigray in 2019 was 49%,[@CIT0016] but the cause should be studied well.

In the present study, neonates born to para 2--4 were 36% at less odds of dying when compared to neonates born from primipara mothers. This finding is in line with other studies.[@CIT0017],[@CIT0018] This could be due to, primipara mothers might have poor knowledge and skills about newborn care. For example, about breastfeeding, many of them may not have enough knowledge about good positioning and attachment. And also primipara mothers might not have awareness about the importance of antenatal care follow up and postnatal period. So, all mothers should have regular ANC follow-up and should get awareness about the importance of giving birth at the health facilities.

In the current study, males were higher in number 1069 (60%) at admission which is in agreement with studies done in Ethiopia, Gonder (58.3%), in St Paul's Hospital Millennium Medical College (61.1%) and other developing countries like South Africa (57.8%) India (63.3%) Pakistan (63%).[@CIT0015],[@CIT0019]--[@CIT0022] The reasons could be due to cultural and societal factors in some society's male babies have more attention from caregivers than females. Male neonates also outnumbered females with respect to mortality (62.4%). This is consistent with the report from South Africa where 63% of the deaths were males.[@CIT0020] The reason could be that boys are biologically weaker and more susceptible to diseases and premature death, as a result of sex differences in biologic and genetic makeup.[@CIT0023]

In the present study, the overall neonatal mortality was 16.7%. This is in line with studies done in northern Nigeria 16.9%,[@CIT0024] and Ghana (16.0%).[@CIT0025] It is lower than the study done in MizanTepi, Ethiopia where mortality was (22.8%)[@CIT0026] But it was higher than studies done in Ethiopia, at University of Gonder14.3%, Felege Hiwot referral hospital 13.29% and India 11.41%.[@CIT0015],[@CIT0027],[@CIT0028] This high degree of variation in mortality rate could be due to the difference in the health facility setups because some of the setups could be well-equipped, the presence of skilled manpower, also the difference in methodology use and the study participants' economic status.

Neonates who stayed less than 7 days in the hospital were at high odds of dying than those who stayed more than 7 days. This is similar to the study done in Jimma, Ethiopia[@CIT0029] this could be due to the fact that 98.30% of the neonatal deaths occurred during the first 7 days of age. This is consistent with the study done at MizanTepi University, Ethiopia where 97.7% of neonatal deaths occurred in the first 7 days of admission.[@CIT0026] This high mortality in the first seven days of age could be due to the high number of prematurity-related deaths (majority of which are secondary to respiratory distress syndrome), where maximum deaths occurred in the first 72 hrs of age. As the first few hours of age after birth are very critical to adapt the environment, simple and inexpensive measures can decrease neonatal mortality in the first 24 hrs of life.

Neonatal sepsis (24.2%), prematurity-related complications (24.1%), was the most common causes of neonatal admission. This is comparable to a study done in Ghana where the predominant causes of neonatal admissions were neonatal sepsis (29.2%) and prematurity/low birth weight (26.9%).[@CIT0025] When we see the prevalence of neonatal sepsis, it was higher than the study done in South Africa, 21%,[@CIT0020] Pakistan 20.3%[@CIT0030] but it was lower than study in Gonder, 67.9%.[@CIT0015] This high rate of difference in the prevalence of neonatal sepsis in developing countries could result by the different diagnostic criteria used to diagnose neonatal sepsis and there could also be a difference in sample size. Neonatal infection in low resource countries is high when it is compared to the developed world, the reason could be due to low socioeconomic status and the presence of other high-risk factors like prematurity, low birth weight, prolonged labor, and rupture of membrane.[@CIT0031] An appropriate infection prevention method should be applied in this study hospital. Neonatal jaundice was contributing to 15% of admission which is similar to a study done in Enugu, Nigeria, 16%.[@CIT0032]

In the present study, parity, prematurity, low birth weight, perinatal asphyxia, respiratory distress syndrome, congenital anomaly, and neonatal sepsis were predictors of neonatal mortality. This is supported by other research[@CIT0029] This implies that the majority of the associated factors of neonatal mortality are preventable and treatable conditions that could be addressed by identifying high-risk pregnant mothers, the provision of proper and timely interventions and intensifying neonatal care.

Limitations of the Study {#S0004-S2001}
------------------------

This study had limitations because it is a retrospective study, a signiﬁcant number of patient charts were incomplete.

This study was done in a single center as a result; the prevalence may not reflect the overall prevalence in the community.

In addition, as a cross-sectional study design, this study does not show cause-and-effect relationships.

Some variables had wide confidence intervals on multivariable logistic regression.

Conclusion and Recommendations {#S0005}
==============================

This study shows a high rate of neonatal mortality. Neonatal mortality was highly associated with primipara, prematurity, low birth weight, perinatal asphyxia, respiratory distress syndrome, congenital anomaly, neonatal sepsis and duration of hospital stay. All responsible stakeholders should work hard to improve care for all neonates with special attention to the care of high-risk neonates. For instance, the obstetrics ward should work on improving the delivery facility by providing skilled manpower (health care providers that advice pregnant mothers to deliver in a health facility, midwives and obstetricians that follow laboring mothers with partograph) to improve obstetrics care services and early referral of neonates. Tigray regional health bureau should give capacity building training to health care providers especially for those who are working in remote health facilities. The neonatal intensive care unit should work on early diagnosis and appropriate management of neonates at admission, and there should be good continuous nursing care. Moreover, the hospital management should work to improve service provision at the labor ward and neonatal intensive care unit. Further prospective studies should be done to know where the gap is (maternal, neonatal intensive care unit or health care facility-related factor).
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[^1]: **Abbreviations:** AGA, appropriate for gestational age; SGA, small for gestational age; LGA, large for gestational age, note applicable (who does not have documentation about gestational age).

[^2]: **Abbreviations:** PNA, perinatal asphyxia; RDS, respiratory distress syndrome; MAS, meconium aspiration syndrome.

[^3]: **Abbreviations:** PNA, Perinatal asphyxia; RDS, respiratory distress syndrome, EONS, early-onset neonatal sepsis; LONS, late-onset neonatal sepsis; hypo, hypothermia; COR, crude odds AOR; adjusted odds ratio; ACSH, Ayder comprehensive specialized hospital.
